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Introduction
History

Management of Virginia’s finfish species has,
during the last decade, become increasingly more
structured and complex. In earlier years Virginia
management of its finfish resources mainly involved
reactive enforcement of the laws and several regula-
tions. In recent years implementation of bi-state
Chesapeake Bay, inter-state coastal, and regional
federal fisheries management plans (FMP’s) has been
associated with rigorous conservation measures such
as closed seasons, harvest quotas, gear restrictions
and size limits. Management-scientific interaction
has also evolved from a time when a science advisor
attended Commission meetings, in case scientific
council was sought, to an era when scientific input is
provided for the development of the FMP’s or
directly to the Commission in response to data and
information needs identified in the FMP,

Scientific information is, however, not always
something that can simply be retrieved from the
literature. Sometimes, the information available is
not relative to Chesapeake Bay-Mid Atlantic Bight
stocks or does not exist. As such, a one to three year
lag between identified need and response is not
uncommon. Efforts by the Chesapeake Bay scientific
community to be responsive to the needs of manage-
ment were focused in 1985 with the formation of the
Chesapeake Bay Stock Assessment Committee, and
its subsequent Status of Stocks Knowledge Subcom-
mittee report in 1987 entitled, Determine short- and
long-term factors affecting mortality and recruitment
of key conumercial and recreational species, including
fishing mortality and both natural and man-induced
environmental impacts on mortality and recruitment.
That report followed the original approach to identifi-
cation of scientific information needs set forth by
Lionel Walford in 1946 in which he used a matrix to
depict species and a status of assessment knowledge
needs. The CBSAC 1987 report included a bibliogra-
phy for each species, the citations being the docu-
mentation that “filled in” the species’ stock assess-
ment knowledge boxes.

Scope and Format

‘This report consists of four parts. Following this
introductory section is a matrix (similar to Walford’s)
which contains the status of assessment knowledge
for important, currently managed Virginia finfish
species. Assessment knowledge refers to key, mostly
guantitative, data components used in stock assess-
ment analyses and management of the listed finfish
species. This matrix can be used to determine the
strengths and weaknesses in assessment knowledge
for any species, alone, or relative to other species in
the matrix. ’

This matrix emphasizes management consider-
ations. For example, an acceptable state of knowl-
edge (a completely shaded block) about stock identi-
fication exists for many of the species listed. Some
of these species (e.g. weakfish and summer flounder)
are managed partially or fully by an Atlantic States
Marine Fisheries Commission (ASMFC) manage-
ment plan, and either the ASMFC has determined
sufficient stock identification studies exist to manage
these species as single Atlantic Coastal unit stocks, or
areview of the literature has yielded publicaticns
with the needed information. Species, or information
categories, that show an insufficient status of knowl-
edge (empty boxes) are obvious candidates for study
and offer guidance to scientist and management alike
for developing priorities for research and research
support.

At the same time, the matrix should not be
viewed as a fixed determinant of assessment knowl-
edge. Additional studies on any stock assessment or
management component could prove useful, even if
there exists an acceptable or lesser state of knowledge
for the existing management plan. However, it
should be the responsibility of the investigator to
Jjustify and explain the need for any study, regardless
of the extant knowledge.

The remaining two sections of this report repre-
sent an expansion of the matrix. Each assessment or
management term is explained, and practical ex-
amples of these stock assessment and management
tools are provided. In addition, bibliographies of
research reports and publications for all matrix
species are provided, according to the assessment or
management terms.
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Stock Identification

Stocks, or independent management units within
a fishery, are typically defined on the basis of a lack
of exchange between areas (revealed by tag and
recapture studies) or a difference in genetic characters
{morphological, life history, and genetic studies)
between individuals from different areas. Analyses
of movement provide information on direct fishery
interaction, while genetic studies reveal instances
where there has been historical (long-term) reproduc-
tive isolation. Genetic studies are not particularly
useful for situations where there is considerable
exchange between regions, as gene flow on the order
of individuals per generation is sufficient to prevent
the accumulation of significant genetic differences.

Recruitment

Recruitment is the measure of the weight or
namber of fish which enter a defined portion of a
stock such as the fishable stock, spawning stock, or
as young-of-the-year. In a broader context it includes
the spawning season and grounds (where spawning
actually occurs) and the nursery grounds (where the
young-of-the-year spend their first season). In
management it also includes analyses of fecundity
(the capacity of a female to produce eggs), age at
maturation, and indices of recruitment for spawner/
recruit modeling.

One of the best examples of management use of
recruitment data/information has been the develop-
ment of the annual juvenile striped bass index in
Maryland and Virginia (Figure 1}. This index of the
relative level of recruitment in the two states is used
in the Interstate Fisheries Management Plan for
Striped Bass as one “trigger” for more stringent or
relaxed management action.

Growth

Growth is a fundamental property of poputation
dynamics and one of the most important characteris-
tics evaluated in fisheries stock assessments, Growth
refers to an increase in size with time. It is usually
measured in terms of length or weight. Growth in
weight is the characteristic usually required in

fisheries modeling, but it is usually measured through
growth in length.

Quantification of growth starts with obtaining
data to measure sizes at age in a sample of fish.
These measurements are expressed using the follow-
ing basic graph, a graph termed an age-length rela-
tionship {Graph A below).

Length

Age

Mathematical parameters of an age-length
relationship are quantified using various growth
equations. The growth equation most widely used in
fisheries stock assessment is the von Bertalanffy
equation.

For modeling, growth in weight must be esti-
mated from the von Bertalanffy equation for growth
in length. That is done by converting from length to
weight using a length-weight relationship (Graph B
below).

Weight

Length



Figure 1. Annual Virginia Juvenile Striped Bass Index, 1967-1995.

12
in

| .
L J [ ] _ ]. -I s
- - g
. i ,
T

—— e

| | | ‘ | |

T e T

83.84 85|86 87:88|8% 90 91192 931|949
S NI L R T

N

I — i
67 68‘69570 71|72|73|  s0l8182

[INCEXe@ 461]57 297|642|283]1.18: 155 ’ 254;ﬂ5?j2.?1‘”3.4a:436 241 475|15?55?54

YEAR

|




Data for the length-weight relationship is ob-
tained by measuring lengths and weights in a sample
of fish.

Mortality

Mortality is usually expressed as a rate at which
fish die. Mortality can be expressed as an anpual
percentage or instantaneous rate, where instantaneous
rates account for mortality of a fraction of the stock
over a short interval of time and are expressed
logarithiically to facilitate ease in computation by
fishery scientists. '

Annual mortality (A) is the percentage of a fish
stock which dies from all causes (natural and fish-
ing). annually, The current A for weakfish is 79%.

Total instantaneous mortality (Z) is the com-
bined effect of all sources of instantaneous mortality
{generally fishing (F} and natural (M) mortality
rates). Total F is the instantaneous rate at which fish
in a stock die because of fishing activities and can be

partitioned according to harvest and background
{generally the fish are not harvested) mortality.
Natural mortality (M) is the instantaneous rate at
which fish die from causes other than fishing (e. g.
predation, cannibalism). M can rarely be determined
directly and is often derived from the difference
between Z and F. From models, the current Z for
weakfish is 1.55, Fis 1.25, and M =0.3. Table 1
shows the correspondence between various annual
and instantancous mortality rates.

The harvest or directed fishing mortality rate can
be determined from tag (mark) and recapture studies.
Background mortality usvally arises from killed fish
which are not subsequently harvested and includes
hook-and-release mortality of angled fish, by-catch of
fish in commercial fisheries targeting other species,
poaching and discards of sub-legal fish from directed
or by-catch fisheries. Precise estimates of background
mortality rates are difficult to obtain and are usually
incorporated by a total fishing mortality rate (F)
estimate or represent the difference between total F

Table 1.Relationship among vartous mortality rates. Instantaneous total
mortality rate (Z) = F (instantaneous fishing mortality rate) + M
{natural instantaneous mortality rate).

Total Annual
instantaneous Annuoal percentage
mortality mortality rate mortality
(£) (A) (%)
0 0 0
0.10 (.10 10
0.20 0.18 18
0.30 0.26 26
0.40 0.33 33
0.50 0.39 39
0.60 0.45 45
0.70 0.50 50
0.80 0.55 35
0.90 0.59 59
1.00 0.63 63
1.30 0.78 78
2.00 0.86 86




and harvest-related, or directed, . For example
total F for Chesapeake striped bass in 1994 was 0.19,
and background F was determined as 0.1, so directed
(harvest-related) F was (1.09.

Population Abundance

Estimates of population abundance are of two
types, absolute or relative. Regardless of the type,
the information is important in of its self, and also for
estimating other characteristics of a population, e.g.,
exploitation, mortality, and survival. The methodolo-
gies and models herein are but a few from a large
body of possible inclusions. They were chosen for
their simplicity or popularity, and it is not implied
that they are the most appropriate for all situations.

Direct Enumeration

The simplest determination of a population’s
absolute abundance (N), or a portion of it (N P) is by
direct count. The method is inexpensive and rela-
tively accurate. Its use, however, is restricted to
populations in confined situations such as narrow and
shallow, clear streams, or fishways where the fish can
be seen, videotaped, or electronically counted, such
as when the beam of a photoelectric cell is inter-
rapted.

Mark-Recapture Data

Mark-recapture studies are conducted for various
reasons in addition to estimating population size, e.g.,
appraisal of growth, mortality and survival rates,
migratory routes, sites of exploitation, and fidelity to
the location of release.

The Peterson method is a simple direct propor-
tion mwodel for estimating N from a single marking
episode and a single recapture of marked fish, The
equation is

N

"1|§

¢
where N is as before, and is the only unknown
value, ¢ is the number of fish in the sample, m is the
number of fish marked and released, and r is the
number of marked fish in ¢. The assumptions for this

maodel are: 1) the marked fish are distributed ran-
domly among the unmarked, or either the marking or
recapture sample is randorn; 2) the probability of
capture or death is not increased by marking; 3) there
is no immigration; 4) marks are retained; and 5) all
captures of marks are reported.

Methods that utilize single mark and single
recapture episodes require a considerable proportion
of the population must be tagged in order that marked
individuals be recaptured. Other models, beginning
with the Schnabel Method introduced in 1938,
employ multiple marking and recapture episodes.
The assumption of the Peterson model apply, in part
or whole, to these methods, and, in addition, it is
assumed that mortality is negligible during the time
necessary to make the estimate. More complex
models exist that employ multiple periods of marking
and recapture, but are more flexible, e.g., some
tolerate known mortality, others unknown mortality,
emigration, and other considerations that affect
estimates of population size. These models require a
greater commitment of resources.

Depletion Methods

The concept behind depletion methods (also
called catch-effort methods) is to assess how removal
of individuals from a population affects estimates of
relative abundance of the remaining individuals in the
total stock. The assumptions are that the stock is
closed (no immigration or emigration) and there is no
natural mortality during the period of removal. The
purpose is to estimate how large the cumulative catch
would have to be to reduce the relative abundance
estimate to zero. That prediction of cumulative catch
is then an estimate of stock size before removal
began.

The Leslie Method is a linear depletion model in
which the initial population size N' and the
catchability coefficient ¢ are estimate from

Cf, = aN - 4k,

where C/f, is catch-per-unit-effort, and X 1s the
cumulative catch up to but not including the ith
sampling period. The estimate of N is obtained from



the average values of K and C/f, by,

N:I_(+("C_/ﬁ/q

can be visually estimated by extrapolating the
regresston line to the X-axis, at which point the ¥-
axis value (C/f, ) is zero and K, is an estimate of N.

Virtual Population Analysis

Virtual Population Analysis (VPA) is one of
several models utilizing catch-at-age-data. VPA is a
recursive algorithm that calculates stock size based
on catch data; recruitment is not a consideration
because only a single year class is followed. The
basic concept is that the number alive this year (N)is
equal to the number alive at the beginning of next
year (N, ) plus the catch this year (C ) plus natural
mortality this year (M). In addition to catch-at-age
data, an estimate of fishing mortality (F) at the oldest
age is needed. VPA proceeds from the age of the
oldest individual caught (assuming gear selectivity
does not exclude older individuals) back to the age at
which recruitment occurs. Although not presented
herein, the mathematical model is relatively straight
forward when A and F occur in the same time period,
but it is more complex when fishing occurs in a
restricted period while M is, of course, unrestricted.
In addition to estimating N at the time the cohort
entered the fishery, the initial 7 progressively
changes and has been said to converge on the “rrue
F.” this value, however, is not independent of the
choice of M. The reader is referred to the references
given for greater detail and examples.

Catch-Per-Unit-Effort

Catch-per-unit-effort (CPUE) is a relative
measure of abundance and may be related to popula-
tion size. Measures of CPUE, however, must be used
with caution, particularly when derived from com-
mercial catch data. The CPUE may often remain
high, even as abundance is declining due to fish
aggregation and non-random fishing, and will not
stgnificantly decrease until the stock crashes. In
contrast, if only a portion of the population is fished
because 1t is readily accessible and productive, the
CPUE will decrease rapidly while total abundance is
relatively unaffected,

Surveys

The abundance of a population, in absolute or
relative terms, may be estimated by some type of
survey. Itis important that surveys designed to
monitor changes in abundance over time be repeated
in as nearly identical form as possible. Surveys will
be comparable if catches are adjusted to a standard
sampling unit, such as area swept or volume of water
filtered for active nets. With knowledge of area
swept or volume of water filtered, old and new catch
data are comparable, and old catch data can be
adjusted to a new standard sampling unit when a
change in gear or vessel occurs. Catches should be
recorded as fish encounters with gear per time unit,
for fishing lines and passive nets,

Juvenile indexes derived from survey catch data
are frequently used to estimate the relative success of
spawning. One indicator of the worth of an index is
the strength of the correlation between its annual
index values and recruitment of the respective year
classes. A strong correlation indicates the index is
attained after year-class strength is established. The
Juvenile index for river herring in the Mattaponi and
Pamunkey rivers is an example; the correlations
between the indexes and recruitment of the respective
year classes are highly significant (r = 0.87 and 0.78
in the Mattaponi and Pamunkey rivers, respectively).
Juvenile indexes may be used as a surrogate for
actual recruitment in spawner-recruit models when
the surveys have been made over a reasonably large
range in population sizes.

Estimates of total abundance ¢an be made from
surveys of subunits of a total area. If g units are
randomly chosen from A divisions of an entire area or
time space occupied by a population, and for each a
unit there 1s a count #,, the estimate of the population
is

There are statistical models for estimating N from
counts along transect surveys from aircraft and



vessels, or swim transects for sessile and slow
moving organisms.
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Fishery Independent Data

These are data and information collected by
scientists and managers independently of commercial
and/or recreational fishing activities. These data are
collected directly by the scientist or manager which
allows a degree of flexibility for design freedom.
These data are free of bias inherent in a collection
from a directed fishery. For example, abundance data
collected from an arca where the species is scarce, as
opposed to data from the fishery which would only
operate where fish was abundant enough to make a
profit. It also allows collection of sizes and ages, for
example young-of-the-year striped bass, that are not
legal in the fishery. The long term collection of
fishery independent data are not confused as manage-
ment regimes are amended in response to a manage-
ment plan that may change size or creel limits.
Fishery independent data, while less biased than
fishery dependent, is very personnel intensive and
therefore expensive. Other examples are given in the
section entitled Surveys on Page 5.

Fishery Dependent Data

This information is collected directly from both
the commercial and recreational fisheries. Some
examples are the VMRC Commercial Fishermen
Mandatory Reports, and the VMRC Commercial
Stock Assessments, Recreational Striped Bass Catch
Reports, VMRC Commercial Pound Net Panel Study.
Some problems with fishery dependent data are that
the information could be biased by noncompliance in
reporting harvest or by regulations on the gear or
species fished. One use of fishery dependent data is
to indirectly assess abundance of the fisheries from
year to year or over a longer period of time.

Water Quality Tolerances

These tolerances refer to a species sensitivity to
changing water characteristics such as salinity,
turbidity, temperature, light, nutrients, toxicants, pH
and dissolved oxygen. Usually each species has a
unique range of values for each water characteristic,
and values outside of this range may inhibit the
growth or survival of the species. For example, a
species with a narrow range in water quality tolerance
would be adversely affected by changes in water
quality, compared to a species with a broader water
quality tolerance.

Trophic Dynamics

Trophic dynamics refers to the flow of energy
through the complex food webs found in ecosystems,
with reference to fishes that might be the target for
management. It is important to understand how
variations in primary production and/or the produc-
tion of prey organisms might affect sach processes as
survivorship and recruitment of young-of-the-year,
growth rates. age or size at maturity, and fecundity.
In addition, knowledge of trophic dynamics can
provide information about interspecific competition,
and the effects of predation on natural mortality rates
at various life history stages.



Habitat Utilization

Here, utilization indicates a species interaction
with a particular habitat. The interaction is usually
driven by a requirement such as growth, survival or.
reproduction. Some species occupy a particular
habitat all their life, while other species move from
one habitat to another based on the changing needs of
that species. For example, striped bass spead the
majority of their life in the ocean, but leave ocean
waters for fresh water habitats in order to spawn.
Knowledge of habitat utilization is important when
considering applications for various permits, such as
would be involved for aquaculture or fish farming.

Gear Conservation Engineering

Perhaps one of the least understood, but offering
great promise to resource management, is the area of
gear conservation and engineering. In an era in
which management is becoming increasingly con-
cerned with resolving the open-access, common-
property problem, there is still considerable need to
control the age at first capture and to mitigate or
reduce the by-catch of protected marine mammals
and turtles and other species of non-target finfish and
shellfish. Gear conservation and engineering offers
an opportunity to deal with these problems.

Overall, there does not appear to have been a
significant amount of work on gear conservation and
engineering in Virginia during the past 25 years.
Other than mesh size requirements for nets, cull rings
in the hard crab pot fishery are the first example of
by-catch reduction devices required by regulation.
Significant work has also been done on escape panels
in pound nets, designed to allow undersized grey
trout, as well as other fish, to escape the net un-
harmed. Testing of these escape panels has demon-
strated their ability to retain grey trout of marketable
size, while releasing smaller fish.

Modeling

Modeling applied to examining fisheries prob-
lems and issues is often terrifying to researchers and
members of industry. In fact, one leader of the
seafood industry once stated “when the scientists start

modeling your fishery, it is time to find another job.”
Modelling, however, is an integral and necessary
component of fisheries science. What are models?

In general, a model is a quantitative--mathematical or
statistical--description of the refationships between
variables. For example, the traditional model of
M.B. Schaefer {(1957) which relates long-run equilib-
rium catch to effort has been widely used to estimate
maximum sustainable yield or the maximum average
annual harvest that can be sustained.

Some medels are qualitative. That is, we do not
have a fixed mathematical or statistical relationship
between variables. We instead have an idea about the
possible relationship. For example, we believe that
as current stock size increases, future recruitment will
increase; we do not know the actual relationship.
Alternatively, we conceptualize that as water quality
improves, stock abundance and resource conditions
will improve. Many qualitative models, however, are
also quantitative models. For example, we might
only know that resource levels will increase, remain
unchanged, or decrease given different environmental
conditions. Using special modelling methods, we
may model the qualitative response.

In examining resource conditions, fisheries
management, and regulation, numerous disciplines
employ many quantitative and qualitative models.
Foremost among modeling activities is the set of
models vsed to assess resource conditions. These are
the models which explain and predict the dynamics
of fish populations or changes in resource conditions
over time {(e.g., growth over time, the relationship
between weight and length, or the relationship
between fishing mortality and fishing effort). Eco-
nomic modelling is also tmportant for resource
management. Economic medelling focuses on the
relationships between economic variables. For
example, how much will the catch of a particular
species change if the ex-vessel price for that species
increases five percent? An increasing area of model-
ling is ecosystem modelling which more completely
focuses on the entire biotic and abiotic system.



In the simplest case of a fisheries model, produc-
tion by a population is considered. The static and
nonstochastic input-output model of ES. Russell
(1931) “Some theoretical considerations on the
overfishing problem” (J. Cons. Perm. Int. Explot.
Mer 6:3-27) offers a convenient framework for
understanding the modelling of the underlying
population dynamics (Figure 4). The model restricts
attention to five basic components; (1) growth, (2)
recruitment, (3} natural mortality, (4) population
biomass, and (5) fishing mortality.

Any of the components. however, may be
moedified to better reflect environmental, ecological,
and economic conditions and the underlying dynam-
ics. For example, we might have population biomass
affecting recruitment and recruitment affecting
population biomass. We might expand on growth,
biomass, and mortality to reflect age/size/sex compo-
sition. The same could be done for growth and
mortatity. What are some of the basic conceptual
models for examining stock? Although production
by an individual fish is the most basic model, there

appear to be few models used for fisheries manage-
ment that actually attempt to estimate energy change
among the various trophic levels.

Fishing meortality 1s perhaps the information of
greatest concern to resource managers. Fishing
mortality may be assessed via several methods and
models but is most useful when related to fishing
effort. The basic framework relates fishing mortality
(F) to fishing effort () through a catchability coeffi-
cient (q): F=qf. By knowing q and {, resource
managers may assess changes in fishing mortality
associated with regulatory strategies. There is a wide
array of models used by assessment scientists to
determine resource conditions.

Possibly one of the most contentious (but widely
used) models of fisheries science is the stock-recruit-
ment relationship. There are numerous formulations;
but attention to the simple functional model R = f(P),
where R is number of recruits and P is size of paren-
tal stock which may be measured in numbers, weight,
or egg production. The stock-recruitment relation-

Figure 4. Input-output Model of Fish Population
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ship may take many forms, but, usually it assumes
that the number of progeny increase, as the number
of spawners increase, reaches a maximum, and then
declines.

Yield per recruit models are also widely used in
stock assessments and to examine fishery regulations.
In simple terms, the yield per recruit is the per unit
weight of recruits or additions to the vulnerable stock
because of from growth. For example, small fish may
not be harvested by a given gear, but because of
growth, they are eventually vulnerable (o being
harvested by the gear). Yield per recruit (YPR)
models widely vary in functional form and with
respect to the number of variables thought to affect
recruitment. In general form, YPR is a function of
the growth rate, the natural mortality rate, and the
exploitation pattern of a particular fishery on a stock.
For example, YPR might be expressed as a function
of the fishing mortality rate. Alternatively, we might
model the spawning stock biomass per recruit (SSB/
R} and relate that to fishing mortality.

Modeling is thus an essential component of
fishery management plans and regulations. Stocks
and associated resource conditions must be deter-
mined. Only through modeling is it possible to even
crudely assess whether or not regulatory strategies
will achieve stated objectives. Moreover, economic
modeling is essential for detemining the social and
economic ramifications of resource management, It
must be remembered, however, that models and data
give iaccurate results; results of models are only as
good as the models and the data.

Management and Social and Economic
Concerns

Although management and regulation of fisheries
are typically ensconced in the population dynamics or
biology of the resource, economic and social con-
cerns typically drive resource management. That is,
resource managers not only usually have an obliga-
tion but alse are typically mandated by law to ensure
that fisheries management offers maximum benefits
to society. Moreover, management is concerned with
maintaining or enhancing economic activities from

resource exploitation. Most recently, managers have
also become concerned with maintaining the social
and cultural traditions of fishing communities.

Why not just manage all fisheries to achieve
maximum sustainable yield (MSY)? MSY-based
management would at least allow fishers the opportu-
nity to harvest the maximum average annual harvest
possible, and conceivably, could allow the largest
sustainable number of fishermen. MSY-based
management, however, is fraught with difficulties.
Under such a strategy, benefits and economic oppor-
tunities are not maximized. Without additionat
regulations, profits (o the fishery and usually to
individual fishermen are driven to zero. There are
few winners with an MSY-based strategy. Fishermen
are also typically forced to “race” to harvest the
resource which further exacerbates social and eco-
nomic problems. A “race to fish” may well disrupt
social and community structure.

Management of Virginia’s marine resources,
however, must also include recreational fisheries.
'The social and economic aspects of recreational
fisheries have actually been accorded more attention
than given to commercial fisheries. The National
Marine Fisheries Service obtained social and eco-
nomic data in 1994 which permits an assessment of
the social benefits of recreational fishing, The
Virginia Institute of Marine Science is updating the
NMFS study for 1995 and developing a socio-
economic impact assessment framework which will
permit assessment of the economic impacts of
recreational fishing and changes in fishing patterns.

Economic and social concerns, to a large degree,
focus on product flow. Relative to commercizal
fisheries, the emphasis is on the linkages hetween the
biological environment, ex-vessel or harvesting
sector, processing/wholesaling sector, retail sector,
and consumer or final users. For recreational fisher-
ies, the emphasis is on the linkages between the
biological environment, marinas and support ser-
vices, expenditure patterns, and preferences of the
recreational angler.
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The most difficult area of social and economic
research will be assessing the trade-offs between
equity, fairness, and allocation of resource among
competing user groups. When decisions about
resource allocation are made, they should be partly
based, at least, on how the allocation schemes
enhance the economies of the Commonwealth and
distribute benefits to the citizens. At least, the state
should know how different resource allocations affect
the economies of coastal communities.

Management Plans

Fishery management plans (FMP’s) provide a
framework for coordinated conservation, allocation,
and utilization of fishery resources. Plans consist of
pertinent background information (biological,
economic, and social aspects of the resource and its
fishery), descriptions of problems with the status of
the resource or its fishery, and potential solutions or
management strategies.

The Virginia Marine Resources Commission
(VMRC), Atlantic States Marine Fisheries Commis-
sion (ASMFC), and Mid-Atlantic Fishery Manage-
ment Council (MAFMC) each prepare fishery
management plans. Plans of the VMRC generally are
drafted as Chesapeake Bay management plans in
coordination with the State of Maryland and are
implemented by state regulation. These plans often
mirror those of the ASMFC. ASMFC management
plans usually pertain to coastal migratory species
such as bluefish, summer flounder, and weakfish.
Compliance with these plans is mandated by federal
law (Atlantic Coastal Fisheries Cooperative Manage-
ment Act). Plans of the MAFMC generally pertain to
species harvested predominantly in the Exclusive
Economic Zone (3-200 mile zone). These plans are
implemented by federal regulation. Occasionally, the
above mentioned organizations prepare joint manage-
ment plans to ensure that a species is managed
throughout its range.
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In addition to providing for the management of a
particular species, FMP’s often cite research needs
for that species. These sections of the management
plan should serve as another valuable guide in setting
research priorities.




American Shad
Alosa sapidissima

American shad in Atlantic coastal waters range
from Florida to the Gulf of St. Lawrence, but they are
most abundant from Connecticut to North Carolina
{Mansueti and Kolb 1953); the extreme extent of
their northern range is Labrador {Dempson et al.
1983). During an average life span of 5 years at sea,
shad may migrate over 20,000 km (Dadswell et al.
1987). The major fisheries for shad occur from
North Carolina to the Gulf of Maine. Shad, like its
close relatives, the alewife, blueback herring, and
hickory shad (A. pseudoharengus, A. aestivalis, and
A. mediocris, respectively) are anadromous and,
therefore, they must migrate from the ocean to
spawn in freshwater. The time of the spawning is
related to water temperature, with the peak movement
when temperatures are about 55 to 61° F {Walburg
and Nichols 1967). In Virginia, spawning is gener-
ally between mid- to late March and early June.
Juvenile (young-of-the-year) shad in the Chesapeake
region spend their first summer in the tidal freshwater
and the estuary. Althongh a few juveniles winter
over, most migrate to sea in the late fall and do not
return to spawn until age 4 or 5.

Accounts in colonial times of fishes in the
estuaries and open freshwater systems of the east
coast are replete with statements about the great
abundance and desirability of American shad and
river herring (alewife and blueback herring). Much of
the information regarding Virginia’s anadromous
fishes in colonial days was published by the Virginia
Commission of Fisheries {(VCEF) in 1873, the first
year of the Commission’s existence. Before the
colonists came to Virginia, Native Americans caught
large quantities of shad in the rivers and streams with
crude seines made of bushes (Walburg and Nichols
1967). Shad were so plentiful that they were easily

speared with pointed sticks as they swam on the flats
(VCF 1875). The early settlers utilized river herring
and shad as a major food supply, and their ability to
keep well when salted added to their value (VCF
1875; Walburg and Nichols 1967). Many of those
involved in the early shad fisheries were large
plantation owners. Thomas Jefferson brought shad to
Monticello, and George Washington ran a shad
fishing business, and leased fishing rights and
privileges on his land on the Potomac River. There
was a general pattern throughout the coastal colonies
regarding the abundance of anadromous fish stocks.
A plethora of fishes, then construction of dams to
harness water power for mills, and, subsequently, a
great reduction or extirpation of the anadromous
runs. Concern about the plight of the anadromous
stocks led to legislation requiring fish passage
facilities, In 1623 the first fishery law in the Colo-
nies (known as the Plymouth Colony Fish Law) was
passed for the protection of alewives. In 1680, the
first law in Virginia protecting fish was passed by the
House of Burgesses. There were numerous laws
enacted in Virginia for the protection of anadromous
fish stocks since the colonial period, but enforcement
of the laws was most often lax or absent. The loss of
ancestral spawning grounds due to dams and other
abstructions gained ardent attention only when a
serious depletion of the striped bass (Morone
saxatilis) stocks in Chesapeake Bay was recognized
in the late 1970s.

Total landings of American shad along the
Atlantic coast have sharply declined since the late
1800s. The landings in 1896 exceeded 22,000 metric
tons (mt), averaged 1,000 mt in the 1980s , and
declined to only 700 mt in 1992 and 1993 (Shepherd
1993). Shad landings in Chesapeake Bay followed
the same pattern as collectively exhibited along the
Atlantic seaboard. The shad fishery of Chesapeake
Bay gained importance about 1869, and developed
rapidly in the ensuing years. Due to decreased
landings, an artificial hatching program was begun in
1875 by the U.S. Fish Commission and the Virginia
Commission of Fisheries. In 1879 the fishery began
to improve, and this increase led biologists to believe
that the shad fishery was largely dependent upon
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artificial propagation. The hatchery program was
_expanded, but later studies showed that the upsurge
could not be correlated with the output from artificial
stocking (Mansueti and Kolb 1953). In 1880 the
tributaries of the Chesapeake Bay yielded more than
2,268 mt of shad. Virginia ranked second to New
Jersey in shad landings in 1896 with 4,990 mt. In
1908, Virginia's catch of 3,311 mt of shad made it the
most important fish caught in Virginia and comprised
about one fourth of all shad taken in the United
States. In the early 1900s a decline began in the
numbers of shad harvested despite improved hatching
methods and increased numbers of fry released
(Mansueti and Kolb 1953). Heavy fishing pressure
and the reduction in spawning grounds possibly
offset the potential gains of the hatchery operations,
or there was poor survival of the shad fry. The total
landings in Virginia were 442 mt in 1980, and only
180 mtin 1990. The Virginia Marine Resources
Commission imposed season limits in the bay-side
(bay and rivers) shad fisheries in 1991, 1992, and
1993, and the fisheries were closed in 1994 and 1995
(VMRC Regulation 450-01-0069). Although the
shad and river herring fishery management plan calls
for the enhancement of the traditional (bay-side)
Alosa fisheries, the ocean fishery was excluded from
the recent management strategies. The bay-side
fisheries accounted for 90% of the shad landed in
Virginia and the ocean-side intercept fishery 109 in
1980, by 1992, however, 90% of the landings were
from the ocean fishery.
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Atlantic Menhaden
Brevoortia tyrannus

Atlantic menhaden (Brevoortia tyrannus) are
distributed from northern Florida to Nova Scotia in
estuarine and coastal waters. Adult and juvenile
menhaden feed by straining plankton from the water.
They. in turn, serve as prey for many fish and sea
birds,

Sexual maturity begins just before age 3, with
major spawning areas from the Carolinas to New
Jersey; spawning occurs primarily offshore (20-30
miles) during winter. Buoyant eggs hatch at sea, and
larvae are carried into estuarine nursery areas by
ocean currents. Larvae change into juveniles in
estuaries where they spend most of their first year of
life; then migrate to the ocean in late fall. Adult and
juvenile menhaden migrate south from fall to winter,
and adult menhaden migrate north in spring. Adult
and juvenile menhaden form large, near-surface
schools, primarily in estuaries and near-shore ocean
waters, from early spring through early winter. By
summer menhaden schools stratify by size and age
along the coast, with older and larger menhaden
found farther north. During fall and early winter
menhaden of all sizes and ages migrate south around
the North Carolina capes.

The menhaden fishery is one of the most impor-
tant and productive fisheries on the Atlantic coast.
The overwhelming majority of menhaden catches
come from estuaries and the nearshore coastal waters,
often within a mile of the ocean shore. In 1993 about
40 percent of U.S. Atlantic coast commercial fisher-
ies landings, by weight, were Atlantic menhaden.
Landings have remained fairly consistent, ranging
from 300,000 to 400,000 metric tons since the mid-
1970s. The purse-seine fishery is the primary fishery
and it provides catch for reduction which 1s processed
into fish meal, fish oil and fish solubles. Landings of

menhaden for bait by fisheries (such as pound net
and snapper rig) are thought to comprise about 11
percent of the total Atlantic menhaden catch,

A major study during the 1992 season reaffirmed
previous findings that the menhaden purse-seine
fishery is an extremely “clean” fishery; that is, there
is a negligible incidental catch of other species in the
menhaden purse-seine fishery (less than one tenth of
one percent) (Austin et al. 1994).

There have been significant changes in the
Atlantic menhaden stock and fishery since the
Atlantic States Marine Fisheries Commission’s 1981
Atlantic Menhaden Fishery Management Plan was
adopted. Different fishing areas are being targetted
(most fishing is now in the Chesapeake Bay rather
than the mid-Atlantic); the number of vessels in the
reduction fishery has declined (from 150 in 1955 to
31 in 1993) as has the number of shore-side reduction
facilities (from 23 in 1955 to 5 in 1993); regulatory
restrictions have increased and menhaden have
smaller mean weight-at-age since the mid-1970s.

The menhaden stock is healthy, with total stock
size and recruitment comparable to levels recorded
during the late 1950s - early 1960s. The most recent
estimates of maximum sustainable yield are about
480,000 metric tons. Research indicates that unde-
fined environmental conditions probably are more
important in determining reproductive success than
spawning stock size, although there is a weak
spawner-recruit relationship.
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Black Drum

Pogonias cromis

The black drum, Pogonias cromis, is the largest
member of the family Sciaenidae. Black drum are a
warm-ternperate species whose range in U.S. waters
is from New England south through Florida and
across the northern Gulf of Mexico, with Chesapeake
Bay near the northern end of the breeding range. Fish
enter Chesapeake Bay in April to spawn through
May, disperse throughout the bay afterwards and
leave in the fall. This species supports an important
commercial and recreational fishery on the Eastern
Shore of Virginia. At least two stocks exist, one on
the eastern coast of the U.S., and one across the
northern Gulf of Mexico. The boundary between
these two stacks is undefined at present.

Black drum have been occasionally abundant in
the bay as indicated by commercial landings and
recreational citations. The catch in Virginia waters is
dominated by older, larger fish (averaging 26 years
and 50 pounds). Typically in a long-lived fish, a few
dominant years classes drive the fishery and this
appears to be true for black drum. This species is
currently managed by the Gulf of Mexico and South
Atlantic Fishery Management Councils, as well as
various stafes.

Some work has been done on black drum. Nearly
all of the work on adult black drum has been done off
Florida and in the Gulf of Mexico. The work in the
Chesapeake Bay region has mostly concentrated on
early life stages. The adult studies that have been
done have been based on ageing with scales, which
underestimate ages beyond 10 years. Other recent
work (Jones et al. and Wells et al., both submitted for
publication) has been directed to estimates of biologi-
cal characteristics on otolith ageing and includes
yield modeling.

The materials that follow include a listing of the
most recent studies, and then the historic studies for
the entire range of this species.
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Virginia’s Eastern Shore (inlet and marsh, seaside
waters). Ches. Sci. 11: 235-248.

Welsh, W, W., and C.M. Breder, Jr., 1923, Contributions to
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Black Sea Bass

Centropristis striata

The black sea bass range from Cape Cod, MA to
south Florida, primarily inhabiting the continental
shelf. There are two stocks, one north and one south
of Cape Hartteras, NC. While the southern stock is
quite residential, the northern stock migrates season-
ally from the southern offshore edge of the shelf
during winter to northermn inshore areas during spring
and summer. Juveniles of the northern stock are
found in coastal and estuarine areas, and as they grow
join the seasonal migration.

Sea bass are protogynous hermaphrodites, that is
to say, they transform from females to males when
two to five years of age. They reach sexual maturity
when age two, and males may grow to 15 years and
reach a length of two feet.

The commercial fishery for black sea bass is
primarily pursued in the EEZ (the 200 mile Exclusive
Economic Zone, or the “200-muale limit™) and is
composed of otter trawl and pots. Hand lines. lobster
pots, pound nets {(inshore) and traps account for the
balance of the catch. Most are landed in New Jersey
and Virginia. Although the bulk of the catch is taken
by otter trawl, it is as a winter by-catch for summer
flounder and squid at the edge of the continental
shelf.

Management is by a plan under the Mid-Atlantic
Fisheries Management Council, and was to be part of
a multi-species plan with summer flounder and scup.
This has not worked out as surnmer flounder have
been actively managed since the 1980°s and the sea
bass plan not written until 1993, The plan which
calls for management by control of the minimum size
in the commercial and recreational fishery and a
recreational bag limit is currently in the process of
implementation.
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Stock analysis, using a virtual population analy-
sis, indicate that the northern stock is over fished.
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Bluefish

Pomatomus saltatrix

The bluefish, Pomatomus saltatrix, is a pelagic
coastal species that seasonally migrates from south of
Hatteras to north of Cape Cod. The main body of
bluefish entering Virginia's waters appear each spring
along the coast during their annual northern migra-
tion, entering the Chesapeake Bay to feed before
moving north. Its aggressive feeding habits and
strong spirited fight make it a popular sportfish in the
mid-Atlantic Bight. Spawning occurs south of
Hatteras each spring, and agaim during summer off
Block Island on the continental shelf. Whether they
spawn during two distinct periods, or a continuous
wave with only first and last spawned young surviv-
ing, remains to be determined.

Although the two spawnings can be separated
morphometrically they are of one genetic spawning
stock.,

The fishery for bluefish is partitioned roughly
80:20 with the 80% historically going to the recre-
ational fishermen. Combined landings peaked in
1980 at just over 75,000 mt and has declined steadily
ever since. The landings in 1993 were 18.8 mt.
During this same period the spawning stock biomass
declined from over 300,000 mt to less than 100,000
mt by 1993.

Management of the mid-Atlantic stock is pro-
vided by separate management plans prepared by the
ASMFC and MAFMC. Fishing mortality (F) has
increased from 0.20 in 1980 to over 0.45 in 1993.
The current plan specifies an F = 0.20 and an
F =0.30. The 1994 Status of Fishery Resources of

the Northeastern United States cites the stock as
overharvested.
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Cobia

Rachycentron canadum

Cobia is widely distributed from Atlantic to Indo-
Pacific localities, and is highly prized by sportsman
because of its habit of hard fighting, its large size (up
to and rarely exceeding 100 1bs), and its highly
palatable flesh. The species is closely related to the
oceanic dolphinfishes (Coryphaena spp.), but usually
prefers coastal, estuarine or reef habitats throughout
its distribution. Cobia eat both fish and invertebrates
{(primarily shrimps and crabs), and are often found in
association with larger fish, floating debris, or
structures such as bouys and pilings.

A coastal migrant, cobia are generally caught in
summer months in the Chesapeake Bay, and their
appearance constitutes one of the few exclusively
recreational fisheries in Virginia’s waters, A few
fishes are taken every vear in pound nets, but landing
records suggest that the recreational catch usually is
far greater than commercial activity for this species.
Cobia are captured by trolling, casting and fishing cut
or live baitfish in chum slicks. Most fishes are
caught in Virginia’s portion of the lower bay and
along the eastern shore and bay entrance. Elsewhere,
cobia are captured in both commercial and recre-
ational fisheries along the south Atlantic and Gulf of
Mexico coasts. During each year in the period 1981-
1986, commercial harvests exceeded recreational
catch in these regions.

Running ripe male and female cobia are usually
captured each vear, and it is generally believed that a
reproductively active population exists during
summer months in Chesapeake Bay. Eggs presumed
to be those of the cobia have been captured in plank-
ton nets at the Chesapeake Bay entrance, and new
recruits are frequently observed in late summer in
Chesapeake Bay waters.

Cobia is currently included in a 1990 Fishery
Management Plan (FMP) developed by the South
Atlantic Fishery Management Council (SAFMC) and
the Gulf of Mexico Fishery Management Council
{(GMFMC). The multispecies FMP includes spanish
mackerel. The plan limits catch to two fish (mini-
mum size, 37" total length) per angler per day. and
has been adopted by Virginia. This management
scheme probably restricts the taking of fishes <3 y-
old. Age at maturity and seasonal patterns of gonadal
development in Chesapeake Bay are poorly known,
but available data suggest that individuals of both -
sexes may mature at 20-27" fork length.
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